Introduction {#S0001}
============

Diabetes mellitus (DM) is a chronic condition that has a considerable impact on physical and psychosocial health.[@CIT0001] It is characterized by chronic high levels of glucose in the blood (hyperglycemia) that require long-term intensive care to reduce the risk of fatal complications.[@CIT0002] In Saudi Arabia, the prevalence of type 2 DM was 18.3%.[@CIT0001] Patients with DM experience psychological difficulties related to their chronic DM and being worried about the risk of complications.[@CIT0003] DM-related distress refers to the emotions related to living with and managing the disease.[@CIT0004] Depression is a mental disorder characterized by sadness and a lack of interest.[@CIT0005] DM-related distress and depression are prevalent among patients with type 2 DM (T2DM)[@CIT0006] and may become serious problems if they impair the motivation for self-care. Despite the correlation between DM distress and depression, it has been found that DM distress is more widespread than depression in people with DM and has a greater impact on self-care[@CIT0006] and glycemic control.[@CIT0007] Many studies have assessed the prevalence of DM distress and depression among people with T2DM, but most of these have been in Western countries. Because there are so many sociocultural and religious differences among populations, further studies are needed to assess DM distress and depression, particularly in large countries such as Saudi Arabia. To our knowledge, no study has measured the prevalence of DM distress and depression and their associated factors among people with DM in Jazan, Saudi Arabia. Therefore, this study aims to assess the prevalence of DM-related distress and depression and their associated factors in Saudi people with T2DM in Jazan, Saudi Arabia. It also aims to assess the association between glycemic control and DM-related distress and depression.

Methods {#S0002}
=======

Study Design and Sample Size {#S0002-S2001}
----------------------------

Jazan is located in the southwest corner of Saudi Arabia and has a predominantly homogenous population that shares similar ethnic and socioeconomic characteristics. Every patient with T2DM in Jazan is registered in a primary health care (PHC) center. The registry of each PHC center was used as sampling frame. In this study, we applied an analytical, cross-sectional design on Saudi patients with T2DM selected proportionally from PHC centers in Jazan by simple random technique ([Figure 1](#F0001){ref-type="fig"}). The sample size was calculated using the Epi Info software program[@CIT0008] with a confidence interval (CI) of 95%, power of 80%, an odds ratio of 2 and Cronbach's alpha, 0.5. The expected frequency of DM distress and depression was obtained from a previous study conducted in Taif City, Saudi Arabia.[@CIT0009] The computed sample size was 288, but 20% (58 participants) were added to the total calculated sample size to deal with the issue of non-respondents. The study successfully recruited 300 out of the 346 selected participants (response rate was 86.7%). Twelve participants (3.4%) did not meet the inclusion criteria, two of whom had a psychiatric illness. Fourteen (4%) participants did not respond, and 20 (5.8%) refused to participate ([Figure 1](#F0001){ref-type="fig"}).

Inclusion and Exclusion Criteria {#S0002-S2002}
--------------------------------

Saudi patients with T2DM older than 18 were included. Those with a history of any psychiatric illness and who were unwilling to participate were excluded. Figure 1Participant enrollment in the current study.

Data Collection {#S0002-S2003}
---------------

Face-to-face interviews with the participants were conducted for data collection. The data collected consisted of sociodemographic characteristics, anthropometrics, and laboratory measurements. These included age, sex, marital status, education status, occupation, monthly income, smoking habits, associated DM complications, DM duration, physical activity, body mass index (BMI), and glycated hemoglobin (A1C) levels.

DM-related distress was assessed using a valid questionnaire (the 17-item Diabetes Distress Scale (DDS-17)) that was translated into Arabic and validated (Cronbach's alpha = 0.87).[@CIT0009] Each item of the DDS-17 has a six-point Likert scale from 1 (indicating no problem) to 6 (indicating a very serious problem). The total DDS-17 score was calculated by summing a patient's responses to the 17 items and dividing by the number of items on the scale. DM distress was considered clinically significant (moderate distress) if the total score was \> 2, and severe if the score was ≥ 3. DDS-17 also assesses other components including emotional-related distress, physician-related distress, regimen-related distress, and interpersonal-related distress. Each component was scored separately by summing its specific item scores and dividing by the number of items on the scale. Patients were considered to have a particular kind of DM-related distress if the score for that specific kind of distress was \> 2.

Depression was assessed using the Patient Health Questionnaire-9 (PHQ-9) that was translated into Arabic and validated (Cronbach's alpha = 0.83).[@CIT0010] Each questionnaire item has a four-point Likert scale 0 (indicating not at all) to 3 (indicating nearly every day). Mild depression was considered to significant if the total score was \> 5, moderate if the total score was between 5 and 14, and severe if the total score was \> 14.

Following the World Health Organization guidelines,[@CIT0011] BMI was calculated as weight in kilograms divided by the square of the person's height in meters. BMI was categorized as not obese if the score was \< 30 and obese if the score was ≥ 30. T2DM was diagnosed following the American Diabetes Association's guidelines.[@CIT0012] A1C ≥ 7% was categorized as poor glycemic control, while A1C \< 7% was categorized as good glycemic control.[@CIT0013] Physical activity of less than 150 minutes per week was categorized as inadequate physically activity, based on the American Diabetes Association's guidelines.[@CIT0014]

Ethical Consideration {#S0002-S2004}
---------------------

The Jazan Hospital Institutional Review Board (reference number: H-10-Z-068)[@CIT0015] granted ethical approval (No. 1922) for the study, which also complied with the Helsinki Declaration. Written informed consent was obtained from all the participants before enrolment.

Statistical Analysis {#S0002-S2005}
--------------------

Data entry and analysis were performed using Statistical Package for the Social Sciences software.[@CIT0016] The data were coded with anonymous identification numbers in order to guarantee the privacy of the participants. The continuous variables were described by means and standard deviation (SD), and the categorical variables were described by percentages and frequencies. Logistic regression was used to explore the predictors of DM distress and depression in participants with T2DM. An independent *t*-test was also performed to test for any mean differences between the studied groups. P values \< 0.05 were considered statistically significant.

Results {#S0003}
=======

The current study recruited 300 participants with T2DM. The participants' sociodemographic characteristics and health risks are presented in [Table 1](#T0001){ref-type="table"}. The mean age of the study population was 52.7 years old ± 11.4 (range 23--83 years old), and the mean BMI of the participants was 30.4 ± 5.6, ranging from 17.1--46.5. Table 1Sociodemographic Characteristics and Health Habits of the Study PopulationVariableCategoriesNumberPercentageAge23--449933.0%45--6416454.7%65--833712.3%SexMale14749.0%Female15351.0%Marital statusSingle227.3%Married25886.0%Widowed175.7%Divorced31.0%EducationIlliterate10133.7%Educated19966.3%OccupationNot working196.3%Working8127.0%Retired6822.7%House worker13244.0%Monthly income in SR\<6000 SR16254.0%≥6000 SR13846.0%SmokingNo4615.3%Yes25484.7%Associated diabetes complicationsNo10836.0%Yes19246.0%Diabetes duration\<5 years8929.7%5--10 years11237.3%\>10 years9933.0%Physically activeNo21070.0%Yes9030.0%BMINot obese13444.7%Obese16655.3%

Diabetes Distress and Depression and Associated Factors {#S0003-S2001}
-------------------------------------------------------

The prevalence of DM distress in the study population was 22.3%, with 17.3% (52) having moderate DM distress and 5% (15) having severe distress. Emotional-related DM distress was experienced by 10.7% of the study population, physician-related DM distress was experienced by 11.7%, regimen-related DM distress was experienced by 7%, and interpersonal-related DM distress was experienced by 12.3%. The prevalence of depression in the study population was 20%, with 15.3% (46) having moderate depression and 4.7% (14) having severe depression. The variables marital status, education, occupation, monthly income, and obesity were not significantly associated with DM distress or depression according to a Chi-square test and univariate analysis. [Table 2](#T0002){ref-type="table"} presents the significant variables associated with DM distress and depression based on multivariate regression analysis. There was also a significant association between DM distress and depression, OR = 3 \[95% CI: 1.8, 6.4\]. Table 2Significant Predictors of Diabetes Distress and Depression in Regression AnalysisVariablesDiabetes DistressDepressionMultivariate AnalysisMultivariate AnalysisOR(CI 95%)POR(CI 95%)PFemale4.3(2.7--7.2)\<0.0015.3(2.1--8.2)\<0.001Inadequate physical activity3.7(1.7--6.7)\<0.0014.2(2.3--6.7)\<0.001Smoking2.9(1.3--4.7)\<0.0013.3(1.1--5.8)\<0.001Diabetes duration \<5 years2.6(1.4--5.3)\<0.0012.3(1.2--6.7)\<0.001Age \<45 years2.1(1.1--4.2)\<0.0011.9(1.3--5.1)\<0.001

Diabetes Distress and Depression and A1C {#S0003-S2002}
----------------------------------------

The mean A1C of the study population was 8.9 ± 1.8, ranging from 5.3--14. Of the study participants, 74% had poor glycemic control. An independent *t*-test was performed to compare the A1C mean between participants with DM distress and depression and those who did not suffer from either. Medication adherence was considered, and the vast majority of participants were adherent to medication regimen (97%). [Table 3](#T0003){ref-type="table"} shows that the participants with DM distress and depression had higher A1C levels compared to those without DM distress and depression. Table 3Independent *t*-Test Compared Mean Differences for Glycated Hemoglobin (A1C) Levels Between Different Comparison Groups with Type 2 DiabetesComparison GroupnM ± SDPDiabetes distress679.4 ± 1.7\<0.001No diabetes distress2338.7 ±1.7Depression609.8 ± 2.4\<0.0001No depression2408.7 ± 1.6

Discussion {#S0004}
==========

To our knowledge, the current study is the first to measure the prevalence of DM distress and its associated factors among Saudi people with T2DM in Jazan, Saudi Arabia. We focused on T2DM because it is the most common type of DM in Jazan.[@CIT0017] The study showed that approximately one quarter of Saudi patients with T2DM in Jazan suffer from DM-related distress or depression. The prevalence of DM-related distress was estimated to be 22.3%, which is higher than what has been reported in other studies in Australian people (7%),[@CIT0018] German people (8.9%),[@CIT0019] and Indian people (18%).[@CIT0020] The current study results show that the prevalence of depression in T2DM was 20%. This is similar to the prevalence reported in Spain (20%)[@CIT0021] and is higher than the prevalence reported in Canada (12%)[@CIT0022] and Pakistan (14.7%).[@CIT0023] The difference between our population in this study and other populations in other studies might be due to genetic, culture, education factors.

We found that women were more likely to experience DM-related distress and depression. The high prevalence of DM-related distress and depression in females in our study is consistent with the findings of other studies.[@CIT0018],[@CIT0019],[@CIT0021],[@CIT0023] However, some studies have found no association between gender and DM distress or depression.[@CIT0022] Age \< 45 and DM duration \< 5 years were also significantly associated with DM-related distress and depression in our study. The development of DM at a young age, especially for those recently diagnosed with DM, might affect psychological status.[@CIT0024] The evidence shows that physical activity reduces the risk of developing a psychological disorder, such as depression[@CIT0025] or depression symptoms.[@CIT0026] Our study shows that patients with T2DM who have been physically inactive were more likely to have depression and DM distress, which is consistent with other studies.[@CIT0021] Smoking was also associated with DM distress and depression in our study, which is also in line with other studies.[@CIT0018] The association between smoking and DM distress or depression might be bidirectional, as some people tend to use smoking to relieve symptoms. It has been found that long-term exposure to nicotine dysregulates the hypothalamic-pituitary-adrenal system. This results in changes in the associated monoamine neurotransmitter system, the function of which is to regulate reactions to stressors.[@CIT0027]

Susceptibility to DM distress or depression in patients with T2DM is not yet fully understood. It has been found that during psychological stress, the physiology of the neuroendocrine system and of neurotransmitters in the brain (serotonin, dopamine, and norepinephrine) might change and therefore affect mood and behavior.[@CIT0028] It has also been suggested that distress associated with a new T2DM diagnosis might exacerbate depressive symptoms.[@CIT0029]

Approximately two thirds of our study population had poor glycemic control. Similar results were found in previous studies conducted in Jazan.[@CIT0030]--[@CIT0032] It has been found that DM-related distress[@CIT0018],[@CIT0019],[@CIT0022] and depression[@CIT0018],[@CIT0022] have a negative impact on glycemic control. In psychological conditions such as DM distress and depression, regulatory hormones and neurotransmitters, such as catecholamine, glucocorticoids, growth hormones, and glucagon, are activated.[@CIT0024] Blood glucose levels therefore increase, as these hormones interfere with the action of insulin.[@CIT0033]

Limitations {#S0005}
===========

There are several limitations in our study. First, although genetic susceptibility might play a role in DM distress and depression, we did not investigate this. Second, although we used valid subjective methods to assess DM-related distress and depression, clinical objective methods remain the gold standard for diagnosing DM-related distress and depression.

Conclusion {#S0006}
==========

It seems clear that patients with T2DM are susceptible to DM-related distress and depression. In our study, DM-related distress and depression were prevalent in T2DM patients in Jazan, Saudi Arabia. We can therefore conclude that both these conditions need to be screened for and addressed in clinical settings. Establishing the causality of DM-related distress and depression in T2DM is an important aim for any future studies.
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